Physiology and excitation-contraction coupling in the intestinal muscle of the crayfish Procambarus clarkii.
The intestinal muscles of Procambarus clarkii are striated and yet they are specialized to produce slow peristaltic waves of contraction, not unlike those seen in vertebrate visceral smooth muscle. These muscles cannot be tetanized either by repetitive stimulation or by elevated potassium saline. The excitation-contraction (E-C) coupling mechanism was explored and compared with that known in crustacean skeletal muscle. Contraction is dependent on external Ca2+ which triggers the release of intracellular calcium from the sarcoplasmic reticulum (SR) via calcium-induced calcium release (CICR). Whereas contraction force is proportional to [Ca2+]o up to that in normal saline (13.4 mM), higher levels of Ca2+ reduce force. Ryanodine, which blocks calcium release from the SR, abolishes electrically stimulated contractions and CICR. Relaxation is achieved by removal of calcium from the cytosol in at least two ways, first by the re-loading of calcium into the SR by Ca2+-ATPases and second by the movement of calcium out of the cell by extruding it across the sarcolemma via Na+/Ca2+-exchangers. It is hypothesized that the inability of this muscle to show tetanus arises from inactivation of the voltage-gated calcium channels by high calcium. This is supported by the result that caffeine application causes an increase in tonus and size of phasic contractions by circumventing the sarcolemma and dumping SR calcium stores.